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SHOCK INTERFERENCE HEAT TRANSFER TO TANK CONFIGURATIONS
MATED TO A STRAIGHT-WING SPACE SHUTTLE ORBITER
AT MACH NUMBER 10.3

Davis H. Crawford
Langley Research Center

SUMMARY

The aerothermodynamic effect of shock interference on an external tank mated with
an early straight-wing shuttle orbiter has been studied at a Mach number of 10.3 and at a
free-stream Reynolds number of 100 based on the tank length. Local heat transfer has
been determined from transient thin-skin temperature measurements. The investigation
was a parametric study of shock interference heat transfer for two mated bodies with the
relative axial location, the angle of attack, the gap, and the cross-section shape (cylindri-
cal or flat) exposed to the impinging shock as control variables.

Comparison of interference heat transfer with no-interference heat transfer shows
that shock interference can increase the heat transfer to the tank by two orders of magni-
tude along the ray adjacent to the orbiter and can cause high temperature gradients along
the tank skin, The relative axial location of the two mated vehicles determined the loca-
tion of the sharp peaks of extreme heating as well as their magnitude. The other control
variables (the angle of attack, the gap, and the cross-section shape) had significant effects
that were not as consistent or as extreme.

INTRODUCTION

Previous aerodynamic configurations have often featured the use of bodies in close
proximity. In hypersonic flight, such bodies may suffer localized thermal damage and
mechanical strain problems because of shock interference heating. Nevertheless, recent
launch vehicles have such bodies,1

take -off.

and the present space shuttle features mated bodies at

Shock interference flow can form many complicated patterns (refs. 1, 2, and 3).
These have been classified in six general types (ref. 1). The heat transfer resulting
from shock interference is strongly dependent on the type of shock interference pattern

IThe Titan has strap-on motors which separate after reaching a Mach number
greater than 5 and an altitude greater than 30 000 m.



formed, and the positions and magnitudes of heating are a direct function of the shape of
the interacting shocks. A better understanding of shock interference patterns and their
relation to aerodynamic heating will aid in the design of mated bodies shaped to minimize
the total heating, to hold the heat transfer peaks to within reasonable limits, and to allow
the design of heat shielding with a minimum weight penalty.

The experimental investigation reported in the present paper is a parametric study
of two-body interference heating intended to augment the empirical understanding of the
effect of shock interference aerothermal heating. Confirmation of earlier measurements
(ref. 4) concerning maximum heat transfer multiplication factors and of the general shape
of heat transfer in an interference region was also anticipated. The tank construction fea-
tured a cylindrical cross-section shape over 240° of its periphery and a plane face dia-
metrically opposed to this cylindrical surface. Thus, by rotating the tank, a comparison
of interference heat transfer on the cylindrical side with that on the flat side was obtained.
Axial and radial positions of the orbiter with respect to the tank were adjustable for study
of the effects of different longitudinal locations and gaps upon interference heat transfer.
The orbiter-tank combination was tested at two attitudes to determine the effect of a
change in angle of attack. By using these control variables, different effects of shock
interference upon heat transfer were observed.

This series of tests was performed in the Langley continuous-flow hypersonic tun-
nel at a Mach number of 10.3 and a Reynolds number of 106 based on tank length. The
combination was tested at 00 and 5° angle of attack. The orbiter was positioned at three
axial locations alongside the tank: the nose of the orbiter even with the nose of the tank,
17 percent behind the nose of the tank, and 34 percent behind the nose of the tank. The
three gap dimensions used were 0, 0.17 percent of the tank length, and 0.34 percent of
the tank length.

SYMBOLS
(¢ wing root chord
Cp specific heat of model skin
h heat transfer coefficient
hyef reference stagnation point heat transfer coefficient
L length of tank
l axial distance from nose of tank to station on surface of tank



X,Y,Z

X,y,z

Mach number
Mach number upstream of any part of model shock pattern
radius of tank
adiabatic wall temperature
wall temperature
thickness of model skin
axis of orbiter with origin at nose (see fig. 2)
coordinates along X-, Y-, and Z-axis
angle of attack of tank
axial distance from orbiter nose to tank nose (see fig. 4)
minimum gap spacing between mated vehicles
density of model skin
time
peripheral angle (see fig. 1)
APPARATUS AND TESTS

Models

The tank model shown in figure 1 was constructed of inconel sheet. The cross-

section shape, which was constant over the downstream 60 percent of the tank, was cir-

cular over 240° of its circumference, with part of a regular hexagon with rounded corners

circumscribed over the remaining 120° of the circumference. The rounded corners of

0.90-cm radius retained this radius as the tank cross section decreased in size toward

the nose until a point where the hexagonal flat sides disappeared into the rounder corners,
and the nose was circular in cross section upstream of this point with a spherical segment
at the stagnation point.



The tank is instrumented with 136 temperature transducers arranged at the loca-
tions specified in table I. No. 30 gage (0.0254-cm diameter) chromel-alumel thermo-
couple wires are spotwelded to the surface at each station, and the insulated dual cable
leads extend through the sting to a terminal board outside the tunnel. The thickness of
the model was measured at each temperature station. This thickness varied from
0.0762 cm to 0.0826 cm.

The orbiter model is shown in figure 2. Aerodynamic characteristics and details
of the configuration and its construction were previously reported in reference 5. The
orbiter was solid cast aluminum and not instrumented to measure heating rates. A
photograph of the mated configuration as installed in the wind tunnel appears in figure 3.
The mated models were considered alined when the top line of the orbiter was parallel
to the axis of the tank. The sliding collars allow axial and radial adjustment of the
orbiter position. In addition, the tank could be rotated so that either the flat side or the
round side was adjacent to the orbiter. The removable door for the installation and
inspection of thermocouples in the tank is in view.

Facility

The models were tested in the Langley continuous-flow hypersonic tunnel which can
be operated continuously or in a blowdown mode (refs. 6 and 7). The three-dimensional
nozzle has a 78.7-cm-square test section. The air is heated to approximately 980 K to
prevent liquefaction in the expansion region. A model injection mechanism mounted on
the side of the test section allowed the models to be quickly injected into and withdrawn
from the test region. The tunnel was operated in a blowdown mode during the present
tests.

Methods and Test Conditions

The heat transfer to the tank was determined from the transient temperature change
in the model skin shortly after the model was injected into the airstream. The model was
withdrawn after several seconds and cooled for the next run. An isothermal condition of
the skin was assured prior to each injection by monitoring the skin temperatures.

The output of the thermocouples was measured by high-resistance fast-response
galvanometers and recorded on magnetic tape at the rate of 20 samples per second. First
evidence of model entry into the test airstream was the stagnation point temperature rise.
Passage of the test model into the test region required no more than 0.3 sec. Rates of
temperature change used in heat transfer determination varied from about 210 K/sec down
to below 0.5 K/sec. Data from both extremes of this range were examined to determine
the beginning of transient temperature change for calculation of the heating rates. This
time started approximately 0.5 sec after the first indication of model entry into the tunnel.
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The heat transfer coefficients at the temperature transducer stations were calcu-

lated from
Tw
pmcpt Py
h=————
Taw - Tw

The rate of temperature rise 9Ty /B'r was determined from the derivative of a second
degree polynomial least squares fit to 1 sec of data. Comparison of experimental data
with theory at the nose indicated negligible conduction effects. Total temperature was
used for adiabatic wall temperature because of inaccurate knowledge of local flow condi-
tions in the interference flow field. The heat transfer at all stations was nondimensional-
ized with respect to the theoretical heating rate at the stagnation point of a reference
sphere of radius 0.171 cm as determined by the method of Fay and Riddell (ref. 8).

All configurations were tested at the same nominal physical conditions and all data
were reduced by using a free-stream Mach number value of 10.3. The stagnation pres-
sure was approximately 5.2 MN/rn2 and the stagnation temperature was approximately
980 K. The nominal free-stream unit Reynolds number was 3.3 X 106 per meter,

The control variables in this parametric study are (1) a position with the orbiter
mated to the round side of the tank as compared with a position 180° from this with the
orbiter mated to the flat side, (2) a position with the orbiter mated to a side of the tank
with zero gap spacing as compared with two other gap spacings, (3) a position with the
orbiter mated to a side of the tank at 00 angle of attack as compared with 5° angle of
attack, and (4) a position with the orbiter mated to a side of the tank at a central axial
location as compared with a location upstream of this location and another downstream
of this location, as shown in figure 4. All possible combinations of the preceding control
variables including 3 without any orbiter interference add up to a total test grid of 39 test
configurations. The test grid covered in this investigation, which includes 14 configura-
tions, is listed in table II, and these data are shown in figures 5, 6, and 7. Important
details of these figures are shown in table II. All the data obtained in the present inves-
tigation are presented in figures 5, 6, and 7. Comparison of selected rays from the afore-
mentioned data is presented in figures 8 to 17 and details of this comparison are outlined
in table II.

RESULTS AND DISCUSSION

Heat Transfer to Tank Alone

The heat transfer to the tank alone, shown in figure 5, tended toward lower values
at stations progressively distant from the nose, as expected for laminar flow. The data



are compared with a laminar two-dimensional axisymmetric heat transfer theory (ref. 9).
The pressure used in the computation of this laminar theory was output from a three-
dimensional flow field calculation (ref. 10), which provided velocities between the body
surface and the shock and provided consequent pressure distributions along each ray.
Slightly different pressure distributions along the round and the flat sides account for

the slight difference in the two theoretical heat transfer distributions.

The theory agrees with the general trend of the data to a value of I/L = 0.6 or
1/L = 0.7, although the theory is about a factor of two below the data. For the region
from I/L = 0.6 to the end, the theory does not agree with the trend of the data very
well, although it agrees better with the general level of the data. The local physical
flow phenomena responsible for the extreme gradients in heat transfer toward the base
are not understood. It is possible that extraneous test flows have an effect. The test
results, however, have been carefully examined for the normally expected errors, and
there seems little excuse to discard any of it. In any case, fairing the data as shown in
this report does not alter the basic conclusions of the report.

Heat Transfer to Tank With Orbiter Mated

The shock interference heating pattern on the surface of the tank was determined
with the orbiter in various positions near the tank. The heat transfer measured with the
orbiter mated to the round side of the tank is shown in figure 6, and that measured with

the orbiter mated to the flat side is shown in figure 7.

The shock interference patterns produced by the initially intersecting shocks, fol-
lowed subsequently by downstream reflections and interactions, play an important part
in the measured heat transfer between the mated vehicles. A study of the types of shock
interaction affecting the present tests is shown in figures 18, 19, 20, and 21. The shock
interaction pattern most prevalent throughout this series of tests is that shown in fig-
ure 18. It occurs for A/L =0 and A/L = 0.17 and falls into the category of the Edney
type I intersection pattern (ref. 1). For the orbiter at these two forward axial locations,
the type of shock intersection pattern was unaffected by the angle-of-attack changes of

this series of tests.

The schlieren or shadowgraph photographs are of poor quality.2 Nevertheless,
they suggest the presence of three other types of shock interaction. When the orbiter is
in the rearmost axial location (A/L = 0.34) at 0° angle of attack, the intersecting shocks
apparently form either an Edney type III or type IV interaction. These types are illus-
trated in figures 19 and 20 When the orblter is in the rearmost posmon at 5O angle of

2The shadowgraph or schheren photographs were taken using a mirror on the injec-
tion plate surface. Although the hot quartz window on the other side of the tunnel severely
distorted the picture, several types of shock patterns were identifiable.




attack, the shock from the tank strikes the orbiter nose at a higher position, probably pro-
ducing an Edney type V shock interaction pattern. This is shown in figure 21. The types
of shock interaction near the nose of the orbiter have a direct effect on the heat transfer
to the orbiter nose, but a secondary effect should be observed on the surface of the tank.

To allow a systematic appraisal of the data, results obtained at all heat transfer sta-
tions are shown in each part of figures 6 and 7, but only the rays adjacent to the orbiter
position (¢ = -90° in fig. 6; ¢ = +90° in fig. 7), opposite the orbiter position (¢ = +90°
in fig. 6; ¢ = -900 in fig. 7), and 90° away from the orbiter position (¢ = 0°) have been
faired. The ordinate h/href covers a range from 0.001 to 1.0. The axial location of
the minimum distance between the two vehicles is shown for all mated heat transfer tests.
The shock interference heat transfer data shown in figure 6 with the orbiter mated to the
round side of the tank show that regions of extremely high heat transfer exist along the
adjacent ray ahead of the minimum gap. The interference effect along this ray produced
a heat transfer signature with sharp peaks and valleys. The heat transfer signatures
along the other two faired rays also have peaks and valleys, but the maximum heat trans-
fer increase along these rays was less, and the peaks and valleys were less sharp.

The characteristic peaks and valleys of the heat transfer signatures suggest com-
plicated local flow phenomena indicative of shock—boundary-layer interactions. The
heat transfer data along rays other than those faired often fall between the data on faired
rays or are at least in the general neighborhood of these data. In some test configura-
tions, however, part of the intervening data show widely divergent values. Some cases
of special interest are those in which heat transfer coefficients an order of magnitude
above the adjacent data occur along the ¢ = 41.50 ray at stations approaching the base
of the model. (See figs. 6(b), 6(d), 6(g), and 6(h).) Similar phenomena happen along the
side ray (¢ = 09) in figures 6(e) and 6(f). Such interference results have been observed
previously in phase change data of a booster-orbiter combination (e.g., ref. 4, p. 359).

The data presented in figure 7 for the orbiter mated to the flat side of the tank show
shock interference heat transfer patterns similar to those observed for the round side
mated to the orbiter (fig. 6). Fewer cases were studied with the flat side mated to the
orbiter since no tests were made at 59 angle of attack. The overall data for the flat
side mated to the orbiter appear slightly different from the data for the round side mated
to the orbiter, but in this form, no consistent outstanding differences are noted.

Effect of Longitudinal Position

Adjacent instrumentation ray.- The heat transfer to the adjacent ray for the three
longitudinal positions of the orbiter is presented in figures 8(a), 8(b), and 8(c) and com -
pared with the no-interference heat transfer in figures 8(a) and 8(c). These results
show the heat transfer for the round side of the tank mated to the orbiter at a = 0°




and «=5° and for the flat side of the tank mated to the orbiter at «= 00. This heat
transfer has many points of similarity for the two sides and the two angles of attack. The
reduction of the heat transfer to below the no-interference values ahead of the initial shock
impingement on the tank is evidence of an adverse pressure gradient leading to possible
separation (ref. 11). Immediately behind these reduced values, the heat transfer climbs

to peak values two orders of magnitude greater than the no-interference case with a sec-
ond peak downstream from the first peak. In the case of A/L = 0.34 (the rearmost
position), the second peak is more of a plateau of high-level heating. The twin peak heat
transfer signature is located at three axial positions on the adjacent ray for the three
mated positions of the orbiter alongside the tank.

In the case where the orbiter is in the most upstream position (A/L = 0), the heat
transfer reaches a downstream peak value from approximately a factor of 2 to a factor
of 3 above the upstream peak value. Although the quantity of data does not absolutely
define the shape of these peaks, they are probably close to the same sharpness. The type
of shock reflection causing this shape of heat transfer signature is suggested by the shock
pattern identified in a photographic study of the flow field, an example of which is shown
in the left photograph of figure 18. This shock pattern is also illustrated in the schematic
of figure 18. The bow wave from the orbiter nose strikes the tank, is reflected to and
from the orbiter, and strikes the tank a second time at approximately the same place that
the reflected bow wave from the tank nose strikes the tank. This concentrated double
shock or possible A shock effect may well explain the increased heating at the location

of the second peak.

On the other hand, when the orbiter is in the central position (A/L = 0.17), the first
heat transfer peak reaches the greater maximum heat transfer level except when the flat
side is mated, and in this case, the comparative maxima are not rigorously defined by the
data. Another obvious change in the heat transfer signature is the flattened second peak.
The photographic evidence of the shock pattern produced by this tank-orbiter configuration
suggests a coincident impingement of the orbiter nose shock and the reflection of the tank
nose shock upon the tank surface at the position of the first peak. Downstream of the
intersection of the two shocks seen in the right photograph of figure 18, the surfaces of
the mated vehicles are closer together for A/L = 0.17 than for A/L = 0, and the shock
pattern becomes less distinct. This probably accounts for the flattened second peak.

When the orbiter is in the most downstream position relative to the tank, the bow
shock from the tank strikes the bow shock from the orbiter near the nose, and any traces
of it downstream from this disappear quickly. The position where the bow shock from the
orbiter strikes the tank is the same as the position of peak heating observed for this case

in figure 8.




Side and opposite rays.- The heating along the side ray is affected by interference
as shown in figures 9(a), 9(b), and 9(c). Heat transfer peaks and valleys caused by a
shock pattern wrapped around the tank are clearly evident. The shock from the orbiter
wing must enter into the development of this pattern. Part of the heat transfer pattern
may be attributed to transitional boundary-layer flow. For the round side mated to the
orbiter at a= 00 (fig. 9(a)), the first peak follows the position of the orbiter downstream.
The interference effect occurs at a lower heating level, but the heat transfer variation
caused by the aft movement of the orbiter (from A/L =0 to A/L = 0.34) increases the
heat transfer at one station by more than an order of magnitude (from h/href =0.002 to
h/href = 0.06). With the round side mated to the orbiter at «a= 5° (fig. 9(b)), the posi-
tion of the first peak moves much less with translation of the orbiter than at a= 09, and
the shape of the heating distribution appears to be that for transition to turbulence. With
the flat side mated to the orbiter (fig. 9(c)), the heat transfer signature is more like that
shown in figure 9(a) but with less drastic heat transfer changes.

The heat transfer along the opposite ray is shown in figures 10(a), 10(b), and 10(c).
The interference effect occurs further downstream and the heat transfer rises toward
the base for both cases at «= 09, The interference effect is similar for the round side
mated to the orbiter and for the flat side mated to the orbiter at « = 0° but is more pro-
nounced for the latter case. At o= 5° with the round side mated to the orbiter, the
interference effect on heat transfer is much less evident. This is to be expected since
the peripheral flow induced by the angle of attack is such as to oppose that induced by the
orbiter interference. The opposite ray interference effect resembles the effect of tran-
sition for the cases at «a= 0°. If transition is present, it occurs at an unusually low
Reynolds number since the free-stream Reynolds number of the flow is only 106 based
on L the length of the tank.

Effect of Gap

The effect of a gap on the interference heat transfer is shown in figure 11 for the
orbiter on the round side of the tank. The two minimum gaps used were 0.051 cm and
0.102 cm. Tests for the effect of the gap were all performed with the orbiter in the cen-
ter axial position (A/L = 0.17) of the three positions.

The heat transfer along the adjacent ray for the orbiter on the round side of the
tank (fig. 11(a)) is reduced in the interference region ahead of the minimum gap by an
increase in the gap, and this reduction is nearly a linear function of gap spacing. Down-
stream of the minimum gap, however, the opposite effect is observed; the heat transfer
is increased by an increase in gap. Since the average level of the data downstream of
the minimum gap is more than an order of magnitude below that ahead of the gap, the
effect of the gap is of less importance in this region.



The heat transfer to the side ray and to the opposite ray with the gap is shown in
figures 11(b) and 11(c). The heat transfer to the side ray is reduced by an increase in
the gap size, while the heat transfer to the opposite ray is increased by an increase in
the gap size. The heat transfer is at such a low level that its effect is of less importance
than in the higher heat transfer zones, but the change in heating ranges to nearly 100 per-
cent. This illustrates the far-reaching effect of the ""dead air' space between the vehicles
and how the effective shape of the mated configuration is changed with a small change in
relative position of the two bodies.

The effect of the gap on the interference heat transfer with the orbiter on the flat
side of the tank is shown in figure 12. Again, the heat transfer was reduced by the gap
increase in the region ahead of the minimum gap and was increased by the gap increase
in the region downstream from the minimum gap along the adjacent ray. The agreement
between the data for &/L of 0.0017 and for &6/L of 0.0034 is striking.

Effect of o

A mated configuration was tested at 5° angle of attack only for the round side mated
to the orbiter with no gap. The effect of a change in « from 0° to 5° is shown in fig-
ures 13, 14, and 15. The effect of « on the tank ray adjacent to the orbiter in all three
axial locations is shown in figure 13. In the nose region before the start of interference,
the heat transfer is reduced by the increase in « as the measured surface becomes the
lee side. From the start of the interference region to the position of the minimum gap,
the heat transfer is changed only slightly by the change in « except when the orbiter is
in the rearmost axial position. In this position, the type of shock interference at the nose
of the orbiter was affected by the angle-of-attack change as previously discussed in fig-
ures 18, 19, 20, and 21. Figure 13(c) indicates that energy was diverted by the angle-of -
attack change from a streamline under the vehicle to a streamline above the vehicle as is
indicated by the diagrams in figures 19, 20, and 21,

The effect of o on the side ray of the tank is observed in figure 14. Here, the
effect is large although it is at a low level. When the orbiter is in the center position,
the angle-of-attack variation changes the heat transfer values an order of magnitude at
several stations. This is probably caused by a change in position of one of the localized
high heating zones previously discussed.

The effect of angle of attack on interference heat transfer to the opposite ray is
shown in figure 15. At this location, the heat transfer to the entire ray increases with «
as expected and is not a result of the mated body interferences. The wraparound of the
interference may cause the waviness observed in some parts of figure 15, and the inter-
ference on this ray is probably responsible for part of the apparent transition on this ray.
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Comparison for Round and Flat Side Mating

Comparison of the interference heating on the flat side of the tank with that on the
round side of the tank is made for the orbiter in the center of the three axial positions.
The effect of the interference is compared for the adjacent ray and for the side ray.

The adjacent rays are compared in figure 16. Ahead of the interference region,
the data agree with the previously obtained no-interference data. Over the remainder
of the tank, the interference heat transfer for the flat side is greater than that for the
round side. Not only is the heat transfer higher on the flat side, but it has also increased
more since the flat side had lower local heating with no interference.

The side ray data are compared in figure 17. The shock-induced flow influences
the heat transfer on the side ray farther forward when the flat side is mated to the orbiter.
The comparison of the heating on the side ray shows moderate changes in heat transfer at
a low level.

CONCLUDING REMARKS

The aerothermodynamic effect of shock interference on an external tank mated with
a straight-wing shuttle orbiter has been studied at a Mach number of 10.3 and at a free-
stream Reynolds number of 106 based on the tank length. Local heat transfer has been
determined from transient thin-skin temperature measurements examined when an iso-
thermal skin condition precluded lateral skin conduction considerations. The investiga-
tion was a parametric study of shock interference heat transfer for two mated bodies
with the relative longitudinal position, the angle of attack, the gap, and the cross-section
shape of the tank (cylindrical or flat) adjacent to the orbiter as control variables.

Comparison of interference heat transfer with no-interference heat transfer shows
that shock interference can increase the heat transfer by two orders of magnitude along
the adjacent ray of the tank. The heat transfer signature along this ray showed extremely
sharp peaks and valleys. Transducer rays progressively further from the orbiter dis-
closed lower interference effects, but interference effects as great as an order of magni-
tude occurred even on the opposite ray.

The locations of the extremely sharp peaks and valleys of heat transfer along the
adjacent ray are directly affected by the relative axial location of the two mated vehicles.
The effects of angle of attack, gap, and cross-section shape were evident but were not as
consistent or as extreme.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Va, 23665

March 8, 1976
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TABLE I.- LOCATION OF TEMPERATURE TRANSDUCERS ON MODEL SKIN

Axial location,
l, cm

0
1,27
2.54
3.81
5.08
76.35
7.62
8.89
10.16
11.43
12.70
13.97
15.24
16.51
17.78
19.05
20.32
21.59
22.86
24.13
25.40
26.67
27.94

-90°

<

A NN AN

N N N N N N N N N

-67.5°

Transducer location at ¢ of —

-450
v

22,52 | 00 | 20,70 41.50 | 600 | 74.70 | 900
v lvliv i viv]v]|v
v v v v

v v v |V
; v v v
v v v | v
v v v v
; v | v v
v v v, v
v v v | v
v v v v
v V. v v
v v v v
v v VAR,
v v v v
v v v | v
v v v v
v v v v
v v v v
v v v
v Vv v | v
v v v
v v v v
v v v
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TABLE II. - COMPLETE GRAPHICAL PRESENTATION OF CONTROL
VARIABLES UTILIZED IN THE PRESENT REPORT

Figure Mated side Angle of attack, Axial position, Gap,
of tank o, deg A/L 6/L
5 No orbiter 0 -— b
6(a) Round 0 0.00 0.0000
6(b) 0 .17
6(c) 0 .34
6(d) 5 0.00
6(e) 5 A7
6(f) 5 .34
6(g) 0 17 .0017
6(h) 0 17 .0034
7(a) Flat 0 0.00 0.0000
7(b) .17
7(c) .34
7(d) 17 .0017
7(e) 17 .0034




TABLE III.- COMPARATIVE GRAPHICAL PRESENTATION OF INTERFERENCE

Control variable

Axial position

Axial position

Axial position

Gap

Gap

Angle of attack

Angle of attack

Angle of attack

Mated side

Mated side

HEAT TRANSFER CONTROL VARIABLES

Mated side

Round
Round
Flat

Round
Round
Flat

Round
Round
Flat

Round

Flat

Round

Round

Round

Variable

Variable

Angle of attack,
o, deg

(=]

o O v o o v o OoOwm

Variable

Variable

Variable

Axial position,
L

Variable

Variable

Variable

17
.34

W17
.34

17
.34

W17
.34

17
.34

Gap,
/L

Variable

Variable

Circumferential ray,j

&, deg

-90 (adjacent)
-90 (adjacent)
+90 (opposite)

0 (side)

+90 (opposite)

+90 (opposite)
-90 (adjacent)

-90 (adjacent)
0 (side)
+90 (opposite)

-90 (adjacent)
0 (side)
+90 (opposite)

-90 (adjacent)

0 (side)

—

+90 (opposite)

Variable (adjacent)

Variable (side)

R

|
R

15
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Figure 1.- Details of simulated tank,
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Figure 2.- Details of orbiter model. All linear dimensions are in centimeters.
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(b) Cross sections.

Figure 2.- Concluded.
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Figure 3.- Photograph of orbiter-tank combination.
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(a) A/L=0. (b) A/L =0.17.

(¢) A/L =0.34.

Figure 4.- Diagram of orbiter-tank combination.
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Figure 5.- Heat transfer to tank with no orbiter interference (a = 0°),
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Figure 6.- Heat transfer to tank with orbiter mated to round side.
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Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure 7.- Heat transfer to tank with orbiter mated to flat side.
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Figure 7.- Continued.
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Figure 8.- Heat transfer to adjacent ray of tank with orbiter mated to tank
in three axial positions.
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Figure 9.- Heat transfer to side ray of tank with orbiter mated to tank
in three axial positions.
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Figure 11.- Heat transfer to tank with orbiter mated to round side with three gap
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Figure 12.- Heat transfer to tank with orbiter mated to flat side with three gap
spacings from tank.
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Figure 13.- Comparison of heat transfer to adjacent ray of tank for orbiter-tank
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Figure 14.- Comparison of heat transfer to side ray of tank for orbiter-tank
combination at two angles of attack with orbiter mated to round side.
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Figure 15.- Comparison of heat transfer to opposite ray of tank for orbiter-tank
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Figure 16.- Comparison of heat transfer to tank ray adjacent to orbiter mated to
round side with that for orbiter mated to flat side for three axial positions.
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Figure 20.- Example of possible Edney type IV shock intersection pattern.
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Figure 21.- Example of possible Edney type V shock intersection pattern.
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